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MCM-41 是 1992 年合成出来的一种具有高规整性六方孔道结构的中孔分
子筛，一问世就受到广泛关注，其高热稳定性，规整的结构为合成具有均匀孔
道、介孔尺寸的催化剂提供了可能性，是一种具有广泛潜在运用前景的新一代
催化介孔材料。我们以全氘代的苯作为分子探针，利用 DQF NMR 技术，结合


























Part I Studies on Synthesis and Growth Mechanism of Carbon 
Nanotubes 
 
The fascinating properties of carbon nanotubes have opened a great number of 
potential applications for these unique materials. However, whether these materials 
can be really taken into commercial practice definitely depends on synthesis 
methods. From the time carbon nanotubes were discovery to present, scientists have 
developed various kind of methods to produce carbon nanotubes and CVD method 
is the most promising one. In this paper, we synthesized carbon nanotubes by CVD 
method and then discussed the probable growth mechanism for the as-grown carbon 
nanotubes. 
Take the catalyst Co-2CeO as example, the effects of the preparation 
temperature on the growth of carbon nanotubes were discussed and found that high 
temperature will favour to obtain carbon nanotubes in high yield and to remove the 
defects and dislocations in carbon nanotubes walls and then get the high quality 
carbon nanotubes.   
Different catalysts were compared in the preparation of carbon nanotubes and 
found that the carbon nanotubes prepared on catalysts containing metal Ce were 
easy to form the turbinate spiral shape. The TEM、Raman and XRD results showed 
that carbon nanotubes made on catalyst Ni-2CeO were less graphitization then one 
made on catalyst Co-2CeO and Fe-2CeO. The former carbon nanotubes had wider 

















diameter distribution of carbon nanotubes, the former had more uniform diameters 
than the latter two. 
The various shapes of carbon nanotubes were discussed as well as the sizes、
locations and shapes of catalysts particles . The growth process of carbon nanotubes 
was also observed via the microscope. Combination with the mechanism provided in 
lectures, a mechanism for the various shapes carbon nanotubes in our products was 
put forward. The effects of temperature gradient was considered as the key point 
during the growth of carbon nanotubes and the carbon cracked from the hydrocarbon 
gases were partly form the carbide with the catalyst and some others deposited 
around the carbide then generated the temperature gradient. The high temperature 
reduced the speed of carbon deposition on catalysts but accelerate the lengthening of 
carbon nanotubes. About the mechanism of the formation of turbinate spiral 
nanotubes, the interaction of the components in the catalysts was emphasized and 
the viewpoint of “pentagon - heptagon pairs” provided by Daeschle was addressed. 
The whole growth process, the reduction of the catalysts and the carbon deposition 
were also recorded by in-situ Raman and IR spectra.  
 
Part II Investigation of the Benzene Molecule Adsorbed on 
MCM-41 Using Double Quantum Filtered NMR Spectral Analysis 
 
A detailed understanding of the interaction of adsorbate in molecular sieves 
system is essential in understanding the adsorption and catalytic properties. These 
years, except other chemistry approaches, there has been increasing interest in the 
study of the adsorption process on molecular sieves by using NMR relaxation 

















recently as a diagnostic tool for the detection of anisotropy in microscopically 
disordered systems, has been used as a sensitive method for the determination of the 
residual quadrupolar interaction resulting from adsorbate dynamics among 
interaction sites in molecular sieves.  
MCM-41, which was discovered by researchers at Mobil in 1992, possesses a 
regular hexagonal array of uniform pore diameters between 1.5 nm and 10 nm. Its 
high stability under heat and regular structures has received widespread interests as a 
potential materials for catalysts. In this paper, the C6D6 has been used as a molecular 
probe to investigate the dynamics of C6D6 adsorbed on MCM-41 by using the 
combination analysis of Double Quantum Filtered (DQF) NMR spectra and 
Spin-Lattice Relaxation spectra (T1). A two-sites exchange model has been used to 
help to explain the dynamics of benzene adsorbed on MCM-41 and the simulation of 
the spectra was carried out to obtain the relevant parameters, such as order parameter, 
motional correlation time and exchange rate between sites, etc., then to understand 
the site distribution and adsorption of MCM-41. 
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